A preliminary study on nitrogen and organic removal efficiency of a lab-scale system using aerobic and anaerobic reactors was performed. A simulated wastewater containing elevated levels of nitrogen was used. This paper aims to compare the efficiency of aerobic and anaerobic reactors in achieving nitrogen and chemical oxygen demand (COD) removal of nutrient-rich wastewater. It also presents the start-up experimentation conducted on simulated wastewater using two different reactors configured as aerobic and anaerobic. Start-up experiments were carried out using a 5-liter acrylic aerobic reactor and a 4-liter flask anaerobic reactor containing activated sludge taken from De La Salle University (DLSU) wastewater treatment plant as a source of inoculum. Simulated wastewater was continuously fed to the two reactors and the time course of biomass growth was monitored by measuring the biomass concentration represented by mixed liquor volatile solids (MLVS). The time course of organic pollutant reduction by measuring the chemical oxygen demand (COD) was conducted until steady state condition was reached. On the other hand, COD and nitrogen tests such as Ammonia nitrogen (NH 3 -N), Nitrite nitrogen (NO 2 --N), Nitrate nitrogen (NO 3 --N) were also performed using 5 batch aerobic reactors containing different concentrations of wastewater and a single batch anaerobic reactor to see the effect of different feed concentrations in the removal of nitrogen. Preliminary results showed that 98% reduction in COD was obtained in aerobic reactor, as supported by increasing concentration of MLVS, with a hydraulic retention time (HRT) of 5 hours after 11 days while 34% reduction in COD was obtained in anaerobic reactor with the same HRT after 14 days.
Introduction
Nitrogen pollution of the world's oceans is harming marine ecosystem and contributing to global warming. Researches, which involved dozens of scientists from around the world, show that human activity is dramatically altering nitrogen cycles in Earth's oceans, soils and atmosphere. Nitrogen produced by human activity is responsible for nitrous oxide and carbon dioxide input to the world's ocean each year. The accumulation of reactive nitrogen in the environment at alarming rates may be as serious as putting carbon dioxide in the atmosphere [1] . The excess nitrogen can deplete essential oxygen levels in the water and has significant effects on climate, food production, and ecosystems all over the world [2] , promote eutrophication and toxicity to aquatic organisms [3] and can cause several problems when discharged into the environment [4] as it is extremely harmful due to the high toxicity of free ammonia at a pH higher than 8 [5] . Because of this tremendous challenge of the global environment, it is, therefore, necessary to remove such substances from wastewater. Further, as environmental and legislative constraints increase, specifically the Philippine Clean Water Act, there is a considerable impetus for reducing the nitrogenous substances for wastewater before its reuse or deposit to the water body. The treatment of wastewater by biological technology has been widely adopted because of its easy operation and low pollution generation [6] .
For many years, the traditional method for nitrogen removal from wastewater has been the combination of nitrification-denitrification processes [7] . With the aim to obtain better process stability, some researchers have been focusing on combinations of anaerobic and aerobic processes [8] . Different reactor configurations and sys-tems working with one or two reactors can be used [9] . Simultaneous removal of nitrogen and COD can be achieved using the conventional nitrification and denitrification systems. However, over the past few years, new technologies for nitrogen removal have been developed mainly because of the increasing financial costs of traditional wastewater treatment technologies [7] . Some of the novel microbial nitrogen removal processes that have been developed are Single reactor system for High Ammonium Over Nitrite (SHARON) which involves part conversion of ammonium to nitrite, Anaerobic Ammonium Oxidation (ANAMMOX) process which involves anaerobic oxidation of ammonium and the Completely Autotrophic Nitrogen removal Over Nitrite (CANON) process which involves nitrogen removal within one reactor under oxygen-limited conditions [10] . There are other processes that have been developed such as Oxygen Limited Autotrophic Nitrification-Denitrification (OLAND) and a wetland based systems, all with high potential for nitrogen removal.
The development of the above novel microbial nitrogen removal processes is useful in attaining higher efficiency of nitrogen and COD removal from wastewater containing elevated level of nitrogen at a low cost. Prior to the use of these technologies, a preliminary study on the efficiency of nitrogen and organic removal of nutrient-rich simulated wastewater using two different reactors, aerobic and anaerobic, was conducted. This also aims to present the start-up experimentation from these reactors as reference for future study employing any of the above novel nitrogen removal processes.
Materials and Methods
Experiments were carried out using aerobic and anaerobic reactors. A continuous aerobic reactor was made up of acrylic board with a working volume of 5 liters where an air pump was used for aerobic zone. On the other hand, a continuous anaerobic reactor was made up of a 4-liter Erlenmeyer flask equipped with magnetic stirrer and stir bar to facilitate continuous stirring within the reactor. A photograph of the reactors used in this study is shown in Figure 1 . Ports were provided for feeding the sample solution and withdrawing samples for analysis. Two 20-liter buckets were used to collect the effluent from both reactors. The seeding sludge for the laboratory reactors was taken from DLSU-Sequencing Batch Reactor (SBR) wastewater treatment plant.
A simulated wastewater containing glucose as carbon source and ammonium chloride as nitrogen source was prepared as feed to the reactors. It has an approximate COD concentration of 300 ppm and NH 3 -N of 250 ppm. This simulated wastewater was continuously fed to aerobic and anaerobic reactors separately. COD test, mixed liquor volatile solid (MLVS), temperature and pH were performed regularly to monitor the time course until steady state condition was reached.
Batch reactors as shown in Figure 2 were made up of 5 1-liter imhoff cones supported by iron stand and iron ring with different concentrations of wastewater. Air pumps were also used for each reactor for aeration. Wastewater with different concentrations of NH 3 -N and COD were fed to these reactors to see the effect of various feed concentrations in the removal of nitrogen as shown in Table 1 . Furthermore, the same anaerobic reactor was used for batch mode operation. Unless otherwise specified, all parameters in this study were analyzed in accordance with the procedures stipulated in APHA Standard Methods [11] .
Results and Discussions
The COD concentration profile in continuous aerobic reactor was shown in Figure 3 while that of continuous anaerobic reactor was shown in Figure 4 . An initial COD of 300 ppm was fed to both reactors until steady state condition was reached. A COD value of 5.47 ppm as shown in Figure 3 was obtained and it became constant after 276 hours or approximately 11 days. Preliminary results showed that 98% reduction in COD was obtained in aerobic reactor as supported by increasing concentration of MLVS. On the other hand, the COD concentration profile of anaerobic reactor is shown in Figure 4 . The same concentration of feed was introduced in the reactor and the COD value of 194.54 ppm was obtained and it became constant after 330 hours, that is approximately at steady state condition after 14 days. Only 34 % reduction of COD was obtained. The above data showed that aerobic bacteria have a higher capability to degrade faster the organic pollutant in wastewater as compared to anaerobic bacteria with the same hydraulic retention time (HRT) of 5 hours in the two reactors. Figure 5 showed the COD concentration profile of 5 aerobic batch reactors with initial concentrations of 500, 1000, 1500, 2000 and 2500 ppm. It was found out that 71 to 97 percent reduction in COD was achieved under aerobic conditions within an average time of 4 to 5 days. The figure also revealed that the higher the COD concentrations, the faster its degradation in its early stage as shown by 2500, 2000 and 1500 ppm of COD. On the other hand, 1000 and 500 ppm of COD revealed that it takes a longer time to degrade. High COD loading resulted in a low COD removal of 71%. The absence of trend in these results maybe attributed to the various MLVS concentrations in the reactors since the carbon to nitrogen (C/N) ratio in all reactors were almost the same.
Initially, ammonia concentrations of the aerobic batch reactors were 18.89, 30.91, 103.13, 137.50 and 171.86 ppm. Wastewater sample had no nitrite-nitrogen but nitrate was present in a small amount as shown in Table 1 . It was very evident that ammonia has been totally degraded at the end of 5 days to nitrite and nitrate with the help of ammonium oxidizing bacteria (AOB) that live in an aerobic environment. However, it was also observed that the higher the concentration, the longer it takes to degrade ammonia. came totally degraded after 3.5 days while 171.86 ppm NH 3 -N was totally degraded after 5.5 days. This revealed that the time to degrade NH 3 -N also depends on the concentration of the feed, that is, the higher the concentration of NH 3 -N, the longer the time required for its degradation assuming the same condition and biomass concentration in the reactor. It was also found out that the concentrations of NO 2 -N and NO 3 -N increased in both reactors. These results could be attributed to the activity of ammonium oxidizing bacteria (AOB) converting NH 3 -N to NO 2 -N and NO 3 -N in aerobic environment. On the other hand, NO 2 -N also increased in both reactors while there was a slight increase in NO 3 -N concentration. It was suspected that the concentration of dissolved oxygen in the reactor was limited for further oxidation of nitrite to nitrate due to the higher affinity to oxygen of the ammonia than the nitrite oxidizing bacteria (NOB). One possible reason is maybe due to uncontrolled pH in the reactor resulting in partial nitrification. Presence of inhibitors for nitrite oxidizing bacteria may also be possible for low conversion of nitrite to nitrate though the microorganisms can adapt to the inhibitor after a long period of application and decrease its inhibiting efficiency [12] . Figure 8 showed the nitrogen concentration profiles of 50 ppm NH 3 -N and 1000 ppm of COD in an anaerobic batch reactor. Theoretically, no ammonia conversion was expected in an anaerobic environment, only nitrate or nitrite conversions. Autotrophic nitrifiers need oxygen to be able to convert ammonia to nitrite and then to nitrate. However, from the result of the experiments, ammonia concentration was observed to have increased slightly. This may be attributed to the formation of ammonia from the protein content of wastewater dissociated in water. Based on the previous study, the effluent ammonia concentration sometimes exceeded the corresponding influent ammonia concentration due to ammonification of organic nitrogenous compounds under anaerobic conditions [13] . This may also be due to some organic compounds that have been found to be degraded to simple organic acids, alcohol, etc., rather than CO 2 and H 2 O under anaerobic conditions which also limited COD reduction in the same condition [14] . Initially, there was no nitrite in the reactor and remained constant throughout. On the other hand, 0.3 ppm nitrate nitrogen was totally degraded under anaerobic condition due to denitrification process where nitrate was reduced to nitrogen gas. COD reduction in anaerobic environment maybe attributed to synthesis of biomass and methane gas [15, 16] .
The time course of biomass growth was monitored by measuring the biomass concentration represented by mixed liquor volatile solids (MLVS). The increasing concentration of MLVS suggested that the removal of nitrogen and COD in the two reactors is possible.
Conclusions
From the experimental results obtained, the following conclusions can be drawn: 1) At the same HRT, 98% reduction in COD was obtained in aerobic reactor against 34 % reduction in anaerobic reactor, therefore, anaerobic bacteria have a slower capability to degrade organics.
2) Nitrite accumulation and low nitrate build up in aerobic reactor was observed because of the low activity of NOB maybe due to the presence of inhibitors or uncontrolled pH in the reactor during nitrification.
3) Aerobic process requires longer aeration time and produces large amount of sludge but they can remove ammonium nitrogen. 4) Anaerobic treatment methods usually offer advantages such as higher organic loading rates and production of usable biogas, however a relatively higher effluent concentration and incapability to remove ammonium nitrogen are some of its disadvantages. 5) Therefore, based on the above findings, it is more attractive to use combined anaerobic and aerobic systems for simultaneous removal of nitrogen and COD.
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